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IZniversiiy  < if  ( !al ifornia,  Irvine 
* Toxic  ILi/aivIs  Research  l yn  if 
I )ayton,  ( hio 

I:.  li.  McConnell,  I).  V.M.  * 
and 

K,  C,  Hack,  I’ll.  I), 

Aerospace  MeJical  Research  Laboratory 
Wright -Laitersun  Air  Force  Rase,  Ohio 


Hydrazine  (NAIL)  is  a highly  'vnerive  reducing  agent  which  is  widely 
used  as  an  intermediate  in  organic  synthesis  and  either  singly  or  in  combina- 
tion with  other  hydrazines  sue  It  as  l,  ! -dmicthvlhvdrazine  or  methylhvdrazine 
as  a missile  pro|vllanf.  It  is  also  used  extensively  as  a corrosion  inhibitor 
in  boiler  feed  water.  Ilydra/itie  is  a colorless  lic|uid  with  a molecular  weight 
of  32.05,  density  of  I.00S  g/ ml  and  a vapor  pressure  of  14.4  mm  1 Ig  at  25  C. 

Hydrazine*  is  a strong  cnnvulsanl  at  high  doses  hut  may  cause  central 
nervous  system  depression  at  inwer  doses.  Irs  toxicity  and  pharmacologic 
effects  are  detailed  in  a comprehensive  review  bv  Clark  et  al.  (1968).  Ani- 
mals may  die  acutely  of  convulsions,  respiratory  arrest,  or  cardiovascular 
collapse  within  a few  hours  of  an  acute  exposure  by  any  route  of  administra- 
tion, or  may  die*  2 to  4 days  later  of  liver  and  kidney  toxicity  (Weir  et  al., 
1964:  Wiikhi,  1956).  Jacobson  et  al.  (1955)  reported  the  4-hour  inhalation 
LC*3  value  as  252  ppm  (330  mg/irT)  for  the  mouse  and  570  ppm  (750  mg/iiZ) 
for  rhe  rat. 

House  (1964)  exposed  monkeys,  rats  and  mice  to  a hydrazine  concen- 
tration of  1.0  ppm  continuously  for  90  days.  Though  mortality  was  very  high, 
some  animals  survived  the  experiment.  Ninety-six  percent  of  the  rats  and 
987,  of  Lhe  mice  died  during  lIic  exposure  while  monkeys  proved  to  be  the 
most  resistant  species  wirh  only  a 20%  morialirv. 


*Nnw  affiliated  with  the  National  Institute  for  Lnvi ronmental  Health  Sciences, 
Research  'Triangle  Lark,  North  Carolina. 
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i ** vk  cl  al.  (ll*3l)  i'\])nsL\!  dug^(  in  separate-  eN|vriincin  sf  o>  5 
and  I I ppm.  I\u»  Jogs  -mrvi\cd  repeated  h-hour  e\|*»suivs  in  5 ppm  hydra- 
zine icr  o months  and  1 of  l Jogs  lived  after  llM  si\-lmur  exposures  m I I 
ppm:  i Ik-  i »i  her  two  J<  >c  s died  during  t Ik*  t hi  rd  .mJ  fift ec  m h works  in  a dehi  I i - 
luted  condition.  the  Jog  that  died  during  the  fifteenth  week  had  a ^vliv  am* 
vulsiw  seizure  prior  to  death.  Prior  lo  death,  both  Jogs  showed  signs  of 
anorexia  and  general  fatigue.  (hanging  diets  and  forced  feedings  resulted  in 
the  survival  of  the  iviii  lining  l\vnv|(»^. 

Pile  present  Threshold  Limit  V alue  (I  I A ) published  by  the  Am  erican 
( Tnfeivnce  < *f  ( io\  Li'iinirni  al  Industrial  Hygienists  (ll>73)  for  NAIL  is  I ppm  or 
J . 3 mg,  m'. 


/i>)  loco 
industrial  iv 


>mpaiv  i lie  effects  of  repeat ed  -6  t re nxr jier  rfm^  r wt *rlr- 

(inJTist rial  ivjv)  exposures  with  continuous  exposures  of  equivalent  concentra- 
f it >ns*aikl  io  evaluaie  the  safely  faeior  of  the  current  Tl  A’,  four  concentration 
levels  wire  selecuvl  for  (lie  2h-wvek  exposure  of  four  animal  species.  The 
coneeiil rations  selected  1.0  ppm  and  0.2  ppm  for  coni inuous  exposures 

and  3.0  ppm  ind  1.0  ppm  for  interniiucni  daily  exposuresTL These  concentra- 
lions  would  res  nil  in  ilie  follow  inn  (*T  (conceni  ration  x iime7  values: 


1.0  ppn i com  inu<  »u s 

3.0  ppm  iniermiueni 

1 .0  ppm  iiUermiiiviit 
0,  2 ppny  coilTiiuKam 


I OS^ppm-hours  per  week 
T30  ppm- hours  per  week 
30  ppm  -hours  per  week 
33.  6 ppm-lmurs  per  week. 


Thus,  the  1.0  ppitf  coni  inuous  and  the  3.0  ppm  iniermiueni  studies  would  be 
rel  al  ivelv  valent  do>es  and  the*  1.0  ppm  intermittent  and  0.  2 ppm  continu- 
ous WC'  iikfal  so  he  eompa  ruble. 


Lour  exposed  groups  and  a coni  red  group  were  uso.l  in  these  experiments. 
Lacli  consisted  initially  of  S male  beagle  dogs,  3 female  rhesus  monkeys,  50 
male*  Spraguc-I )a\vley  rats  and  30  female  (!J  -I  mice.  Idle  animals  were  moni- 
tored  throughout  the  6 months  of  cx|Kisure  with  biological  measurements  made 
at  biweekly  intervals.  These  measurements  consisted  of  hematology  and  clini- 
cal chemistry  values,  body  weights,  physical  examinations,  and  on  selected 
animals  bone  marrow  examinations  were  conducted Jy Hie  details  of  the  experi- 
mental methodology  and  findings  wcrejir^^  and  Kinkead  (lc>73) 

with  the  exception  of  ihe^x^uTfs  in  groups  of  rats  and  mice  held  for  long-term 
post  expos  are  observat  iob?"^fTcii  rats  and  10  mice  from  each  experimental  and 
control  group  wpere  set  aside  at  the  end  of  the  6- month  exposure  period  and 
maintained  in  an  animal  hold  ng  rcKiin^^v^/^ ^ 

^ Lt)  ddie  effects  l chronic  inhalation  of  hydrazine  are  dose  related  regard- 
less of  the  nature  of  exposure,  i.e. , intermittent  or  continuous.  The  highest 
hydrazine  dose  caused  approximately  -40, 'v‘,  deaths  in  mice  within  the  first  two 
months  of  e\|visure  while  the  Tl  Ar  dose  equivalents  caused  approximately  5^ 
mortal  irv. 
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s occurred  in  i lie  case 
was  verv  no:  iceable 


* m a*  ij  iceabu  Mgns  ol  si  re 
i‘\|\»sovl  to  f ppm  si  Mit  inuou<| y.  AYright  ln>o 

t > - J u I k\  con^umpt  inng^t*.  was  * 4mr nr^ 

reduced.  Anorexia  continued  with  pncivssiw  emaciation  until  jIkiui  I 0 vve*^ 
when  M>mc  iwoutv  ivvunwl  in  the  surviving  Jog*.,  One  Jog  in  this  group 
evpcrii  ik* tv!  u^ic  convulsion^  on  a separate  nccaMons^sMico  after  d months  of 
exposure,  rhen  once  in  the  illuming  and  once  in  the  afteumiHiit  of  the  same  day 
after  5 months  of  exposure,  TIk >‘e  findings  \vm‘ej^t>H^si nit  with  tliosc  re- 
ported  In  luiiNK^k  d al. 

^(lb)  In  animal-.  held  pnstexposuiv,  weight  vlilfei\a;cvs  Ixiwven  control  and 
exposure  groups  became*  insignificant  In*  four  wceT.s. 


M her  e were  no  abnormal  findings  in  clinical  chemistry  and  hematology 
in  a- uivnietim  made  on  monkeys  and  rats.  I)ngsf  however,  had  a hydrazine 
dose  related  depression  of  red  blood  cell  counts,  hemoglobin  values,  liemaio- 
crit^,  and  there  was  Mule  or  no  ret  icuhvytosis  before  the  fifth  month  of  expo- 
sure at  which  lim  * the  Jugs  continuously  exposed  to  I ppm  NdU  had  a sharp 
depression  of  RIU ' count  accompanied  by  w t iculocytosis.  At  necropsy,  this 
group  of  Jogs  was  ilk  only  group  of  any  species  to  demonstrate  erythropoietic 
activity  as  measured  by  a decreased  myeloid  erytliroid  ratio  in  hone  mnrrowdj 


I here  \x  u s no  measurable  evidence  of  red  hlnod  cell  destruction  in 
these  di»gs  e \]*>-e\l  to  hydra/hie  in  contrast  with  readily  demon  -a  rated  hemo- 
lytic activity  of  in onomet liy lliydrazine  (MM!  I)  (Mae  haven  and  llaun,  1^71). 
ITirthcnnore,  the  red  blood  cells  of  Jogs  exposed  to  NJU  were  nurkedly 
more  suscept il>le  to  osmotic  fragility  than  control  animals  while  MMII  pro- 
duced a significant  increase  in  IU1C  fragility*  We  were  unable  u>  determine 
the  precise  reason  for  the*  hydrazine  itkliicwl  anemia  or  to  explain  the  de- 
creased  1U!(*  fragilily  during  these  experiments  but  plan  to  explore  this  area 
flirt  her* 


^t^JThe  results  of  gross  and  histopathologic  examination  of  mice  that  died 
during  exposure  showed  that  death  wa  elite  to  hvdra/ine  hepalotoxicitv.  At 
sacrifice,  nv  derate  to  severe  fatty  liver  change  was  a consistent  finding  in 
mice  from  all  exposure  levels.  Monkey  livers  showed  slight  to  moderate  fat 
accumulation.') IVrl^aps  compromising  pan  of  this  information  is  the  fact  rhat 
comm!  nionkelstTlIso  showed  some  degree  of  fatly  liver  change1.  Maliuit ririon, 
the  result  of  nonspecific  hydrazine  toxicity,  caused  the  death  of  2 elogs  in  the 
I ppm  continuous  exposure.  Al  sacrifice,  elogs  exposed  to  the  TLV  concen- 
tration showed  no  abnormalities  bur  dogs  from  tile1  high  doses  Intel  fatty  livers. 
Since*  one  dog  in  the  I ppm  continuous  exposure  group  convulsed  during  expo- 
sures the  brains  of  this  dog  and  d others  in  the  same  group  were  perfused  at 
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sacrifice,  lli-nologv  ivwaled  in*  k\,s  Unions.  Iwo  d<»g^  each  from  the  high 
k*4  mk'^-iU  iM(  ion  i wperimciil  s uv  iv  Aicrtficed  a(  h \\\vk>  p »slc\|x>sure.  All  wu’c 
JocrilKd  as  being  i'Sh-iii  ia!l\  normal  animals. 

Ore  an  v\ek:hm  of  exp'^eJ  rai<,  monkeys  and  dn-;s  wvrr  not  stai  ist  icnl  I y 
different  from  control  values.  In  the  i\i<r  ul  the  rats,  the  depressed  growth 
rales  resulted  in  ineivaseJ  organ  ic»  1>  -Jv  weight  ratios  10  which  no  biological 
sign ificanee  can  Ik*  alt ribuud. 

riiciv  no  significant  pathologic  changes  in  rats  except  in  Mil*  case 

of  t lie  5 ppm  iiHennitieni  exposure  g roup.  (X  the  30  rats,  lu  had  chronic 
hronc!i( 'pneumonia.  Whether  this  condition  was  due  to  a hydrazine  pulmonary 
irritation  or  pathogens  present,  or  the  former  pred  is  losing  the  rats  to  the 
latter,  is  difficult  in  sav.  The  net  effect,  however,  was  that  10  rats  from  this 
group  retained  postexposure  showed  no  weight  recovery  as  demonstrated  hy  the 
other  exposed  groups.  The  infection  spread  to  other  rat  groups  housed  in  the 
same  room  and  within  h-»S  weeks  following  exposure  terminal  ion,  50, ~ of  the 
rats  were  dead.  The  number  of  deaths  was  distributed  rather  evenly  in  the 
exposed  groups  and  in  the  controls  as  well.  ( !nn sequent ly,  none*  of  the  rats 
sur\ived  long  enough  for  conclusions  to  Ik-  drawn  about  the  carcinogenic  poten- 
tial  of  inhaled  hydrazine  for  this  species, 

Tiimorigcnesis  lias,  however.  been  Jcmonst rated  in  rats  following  daily 
ora!  administrat ion  of  12  or  IS  mg  Indm/ine  sulfate  Joses  over  a hS  week 
perud.  Pulmonarv  aJcncvar vinomas,  hepatic  cell  ami  spindle  cell  carcinomas 
were  obscrviAl  after  I0U  weeks  (Severi  and  lliancifiori,  IdftS).  'They  found  no 
lung  or  liver  tumors  in  their  uni  rcdUd  com  ml  rats. 

Approximately  half  llu*  mice  in  each  group  were  alive  J year  post  expo- 
sure. At  necropsy,  noil-neoplastic  lesions  were  found  in  t toe  ICIl/CF-1  mice 
with  approximately  equal  frequency  in  hoMi  experimental  and  control  groups. 

An  occasional  mouse  had  a mammary  gland  adenoma,  but  since  these  are  nor- 
mally found  with  an  incidence  of  5-10,",  in  mice,  they  were  considered  to  be 
unrelated  to  the  hydrazine  exposure.  Tor  similar  reasons,  a single  small 
papilloma  found  in  one  exposed  mouse  was  not  considered  significant. 

Some  of  the  mice  exposed  to  the  threshold  limit  value  concentration  of 
hydrazine  (I  ppm)  had  well  differentiated  al veolargeiiic  carcinomas  as  shown 
in  Figure  I.  Another  of  these  tumors  (Figure  2)  shows  invasion  of  the  pleura 
and  extension  into  the  pleural  space.  In  mice  of  the  5 ppm  intermittent  expo- 
sure* group,  al  veolargeiiic  carcinomas  were  also  seen.  These  tumors  had  a 
greater  frequency  of  metastatic  activity  wil  l tumors  found  in  liver  and  in  the 
ribs  as  shown  in  Figures  3 and  4.  Many  mice  exposed  to  I ppm  hydrazine  on 
a continuous  basis  developed  alveoiargenic  carcinomas.  One  had  a hepatoma 
as  shown  in  Figure  5.  There  was  one  rather  pmniy  circumscribed  area  of 
the  liver  in  which  the  cells  were  large  with  variable  sized  nuclei,  many  of 
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w ! ii  wM  i coniaiik J a laive  m-dnophilie  ini  ranucloar  inclusion,  In  I Mi  ^ same  ani- 
mal nm-l  of  ilk-  >pleen  was  replace!  hv  nropla-i  ic  I issue  fl  leina  ft).  \Iim  of 
Him  tissue  w.m  \ery  anaplastic  a-  -liowu  in  i ipmv  7,  lull  in  a lew  ;nv,r<  the 
mlC  resembled  neoplasije  hepali  «c\ I es.  I wo  mice  in  llii-  u roup  developed 
1\ mphnsj  !Vuin,t  1.1  [ ! ! ; -plvv.n  i|  Cui\  S>  which  wa-  extremely  cellular  with  a 
less  of  normal  architecture.  1 1 k cells  arc  uniformly  imnuimv  lymphocytes 
with  !Uimori!<  mitoiic  ! i o u r l — . I ‘here  is  invasion  of  ihc  capsule  wiili  a y real 
vKm!  of  plum  v\to<  js  [>\  in  tv*  1‘opiuy v.*^ . I hi<.  in  coinhinai  ion  with  the  oilier  mor- 
phology, is  diayjio-tic  of  1\ mph«  ^.irrnnu  and  i<  subslant  ini  oil  by  an  adjacent 
Ivmph  n«vle  (Tiuure  ^ ) which  <lu>wm  complete  loss  of  architecture  due  to  those 
iKopla-i  ic  lymphoid  cells,  Similar  dunces  were  also  seen  in  liver,  kidney, 
hum  and  the  urinarv  bladder. 


Hie  mm  >r  incidence-  shown  in  I able  I are  Ivlievcvl  significant  for  two 
i\a>oim.  Il’irsi,  alwolaruenic  v*arcinoin  is  .ire  founJ  in  higher,  Jose  related, 
frequencies  amoim  ex|x»>ed  mice  than  in  controls.  Second,  lymphosarcoma 
and  ilk'  uncommon  m ilhniant  hepatoma  jiv  absent  from  controls  Inn  occur  in 
mice  exposed  to  the  higher  do<e. 


I’AHI  ! . I.  ICMOR  INC|[>LN(  I.  IN  \ll(  T.  ONL  YIAU  AKITR 
Cl  IIU  ;\f(  * INHALATION  LX  P(  )Sl  U k K;  1 1 YOU  AX  INI; 
(h-MCN  I I I k\T<  SI  Id,  Pl.KlOlb 


Ai 

l'\|^w[n\  ( 

*voI  arsenic 
'a  rcinoma 

1 .ympho- 
sarconi  a 

1 kpiitdina 

Number  of 
M ice  with 
Turn* ) i*  s 

1 1 i vi h Dust- 

1.0  ppm  ( > mi  iiuu ills 

5 

2 * V 

1 . ft 

ft  ft 

S.O  ppm  Inrermiitem 

5 ft 

()/ft 

0 ft 

5 ft 

1 a >\v  | )i  ise 

H.  2 ppm  Continuous 

3 K 

ILK 

0.  s 

3/S 

1 . 0 ppm  Intermittent  ' 

2 ft 

n.  ft 

0 ft 

2 ft 

Coni  rol  Group 

1 K 

0 s 

0 K 

1 K 

'(  ar rent  Thrcsliol 

J l.iniil  Value 

(TLV) 

22L> 


igure  I.  Typical  alveola  rgcnie  carcinoma  found  in  mouse  lung  - SX 


Figure  2.  Invasion  of  pleura  by  alveolargenie  eareiuoma  - SX  (12 
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cure  3.  Metastatic  lesion  of  mouse  alvcolarjxenie  carcinoma  in  liver 


^ JOD 


•'itrure  -1.  Metastatic  Ic^ii'ii  of  m:uist*  alvcularitcnio 
muscle  - NX  U27I-7I). 
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Al veolargvnic  carcinomas  are  'norm, illy"  found  in  older  mice  with  a 
frequency  of  about  l()/k»  and  we  have  found  this  rale  of  tumors  in  this  experi- 
ment as  well  as  in  oilier  eoneurrenl  experiments  in  this  ljlx>raiory  using  the 
CL- I strain  mice.  In  previous  studies,  using  elect ron  microscopy,  these 
tumors  have  been  shown  to  contain  Type  (1  virus  particles*  'The  virus  parti- 
cle is  thought  to  he  the  probable  eliologie  agent  for  these  spontaneous  aheolar 
carcinomas.  Another  significant  finding  is  the  metasratie  extension  of  the 
hepatoma  to  the  spleen  and  metastasis  of  alveola rgenie  carcinomas  to  heart 
and  ribcage,  respectively,  in  two  other  hydrazine  exposed  mice.  These 
findings  are  consistent  with  the  induction  of  lung  tumors  in  mice  by  hydrazine 
sulfate  reported  by  Hiancifiori  el  al.  (1 962a,  1962b,  1963a,  1963b,  1963c, 
1966),  hiancifiori  (1969  and  1970),  Roe  et  al*  (1967),  and  Toth  (1969,  1971, 
1972).  Hepatomas  and  lieparocarcinomas  have  also  been  observed  after  oral 
dosing  of  mice  with  hydrazine  sulfate  by  hiancifiori  (1970a,  1970b,  1970c, 
1971)  and  by  hiancifiori  et  al.  (196-1).  The  significance  of  the  findings  re- 
|iortcd  \>  that  this  is  the  firsr  demonstration  of  hydrazine  induced  tumors 
from  simulated  industrial  inhalation  exposures  at  the  TLV  concentration  in 
mice,  albeit  in  small  numbers  of  animals.  These  findings  should  be  expanded 
in  additional  experiments  exposing  large  numbers  of  animals  of  several  spe- 
cies to  hydrazine  by  the  inhalation  route. 
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